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[ If *if 1 ] ilftXF'J^iOim f: 

u liiftx h y >y T^fij^sp^iiwiii i wn 
m i « t m 2 a^>i§ mf**sgs^)ft^f* * h y •/ Tizmm 

^fih . i^(±mi«t^2««IS«#:$mcOfSm#:X 

y ■<) < m i v^'H u 'j * is a mm* 
x h u -y 7°mv<nwM^±.T<7)mim^mmim i a 
^mt;^(t^±T«»frM^r B 1PgJ; u son 

2«^ISm#:im§P^T'lulB»f*M«r E 3Pi^^0 1 L)t 
CI t 2r#Sfc ^&Pm#*S£&«^o 

[ft 2 ] mum i a^pm**m^^t«feis 2 a 

wm t -r&mm 1 izmm^mnmm^m^ 
1 mmn 3 ] wish 1 m?mnmm t mi bis 2 a« 
mnmmt^m<nmm?tm%±.^<fc£:^ 1 / 4 » 
tBRKt-rs t^t, Hfiiam 1 m^mmwmkt mi 
m 2 mnfflmimMtnwic?>w&izi3if&±Tcmim 
mmmz itriBffi 1 aof^m#:im^£{i-£±T^##:ra 

[ If * H 4 ] iiftxh'j77Wl* 2**M fc 
u isi^mfrx h y . y twltocspbIS- t^ntu 1 a« 
mrn#®$&t . mmwx v y ktb^ j; whims- 

m 1 a t m 2 a^m#«^m*x h y > x rtgi 
§^^>. i^«miat^2a^is«#:M^fsm#:x 
t- u 7 7ciit§iiftx t- y 7 7j mt. tmmfo 
xbv vTfrhmgmfox h y yy°m^comwm^x 
cnmm^m 1 a^m#«^it*x h y 
ismfrx 1- y -/T^fiw^frHaT'WPHiPij; ojsev^ 
sco^Bifc l^c: > ^nmb^-ummmmm, 
[ it 5 ] mmm 1 a«pm#« t mi eh 2 a« 
tv ffi<m$m*ws&± &Jk<Di 4 >^ 

[ft 6 ] mriBH 1 nnrnmiMmtmimnmm 

9$K U LSMO l^-F^iil'lfJii!fea$rLSE 0 1 

tfzimm i ~- 6 « a *a ^^^ieii^swm 

[ If * JI 7 ] If 5Ril 1 - 6 ay o % v ^Kf^zim,m% 

imrnms ] it im l-e coo ^v^fLMztmcnm 



if ^118 fcfEK^ftttlS^SMtfl^ fcti^flfl 
[ If 1 0 ] If 9 tlBKOSMiSHff^^ - 

;p f: mm m%a i tf&m®$&*ffi tx^m^mmm, 

[0001] 
[0002] 

tM) LfciSK (JSlTDWGfcwd. ) tW5r»*ffi» 

(JJlTNRD^h'tta. ) b<nim$m*ftoi><?> 
A^if8 - 7 0 2 0 9 tlT V ^ 0 C <?Dj6RB35 

tJEff S J: 3 ^ Lfz ^> . 

[0003] 

[IfeWB&Lid t^SSIM] ±IEDWGtNRD# 

^ vbco&mm&n. jh^mzn^Tmrnwrn.^ 
^^b^owmzmix^&tf. ®mm&0M&& 

tz, 

[ooo4]/:hiH\ mmmmzm^^zm^—-; 
b l x , 2 -jammw^ v y -/ r it . ±t 2 
^patwieg 2 woj^ffi^ffl^ 

Sritri: ilJNRD^ Ki;-rS!tW=(d:, DWGCtl, 
*^ttl^#s bbi> t:±IED WG -NRDtJW K <7>iSU& 

[0005] zcrMm^mm. mmmmmm^ 

[0 00 6] .lOf&B^ffiogS^i:, 

s# LK^mammwMUz x s ^^itt^^fi s is* 

[0007] .IW^BJO^ ^tfffiO@6^(i, ±!Ef»fc 
[0008] 

Itft74 



(3) 000-134008 (P2000-134008A) 



y v-roirmzmmt u mm,&x b y vzrcm 
mz^mzmffzm 1 m^mmmmt , itftx b y 

m&nmmfox b u >y 71r.fi M$tii> . a^asi 1 at 
IS2«cDfSfl;#«cD!imf*x b y ■y^tcil^^iim 

f£X b 'J 7/5:Ii, fSffHtfr-X b 'J 7 70|-«I«t 
ttHOiailgi m%< U ^m28«!£lt#«S^T' 
[0 0 0 9] icDfltittcJ; 0 . b >J 77^fttf 

L^ri Ktrtttt^-ft^ i h =5: < tm^m^ 

[ooio] ±fB^fl§jtt-to^T, mi «<ds«« 
2 «cotsm#«^^ a ti t\ iim#:x b y v 

[OOlllit, »lWl#:»tll2l?)Ili 
#« t OP H lO*m*£im±cDi£*cD 1 /4 OiffStfg 

t~m&. Mftx b y .yr&Ktf±Tw#flsH^isPS 

[0012] ifc, i^BBti. it*x b y 7 7«i 
TffiSrziftMfc U ISl^mfrX 1- y -yT?)ffl!ttrfc:£IS£ 

tstt^m i , t^m*x b y .y7«±r 

«£ vmmz&im t«^2 «ot^it#« t cdm 

nims&owmfcx b y -yTt&igrf siiiffls* b y «y 
r^fii. . ist^Wsx b y 7 7^f,fljttoiftffiat« 
pj»m i n&mwtmmiffimfcA b u 7/i^iK 

[0013] zwmmzi. o . ts«*x b y v7°£»tf 

r-ttf. -e^fe, Mzjjfoizmimmmmmux 
[ooi4] ±M<nmmza\^x , mi mnwmmm 
i /4 cnmmt^-mi. mmfc* b y 7 7^itf±r 

CD^B^^S:^^ 2 ffiRTT'ORIf^iStefflT 

[0015] ±iess i awismi^zsftfficorjifii 



JOSKLT. LSM^-bcD#-^-b'£SIihrsf?5 

mmm axr ow^-nrd^ bj t^a. ) t 
mif, b £ & ft s b^mtcff 3 m&<v%i a± 

mmmm^^Azm^^ z. t h x o . 
[ooi6ii)t, ico^a^ ±iEfimim^*i 

imtfz^m$^ zmm-h ,tzhtU2 -o^m 2 
m^mmmmm±^m^ttzii-mt^xirmms 

ii&*ffi!8.'t&. ZtllZi*), NRD^ b'T'ATJT" 

[ooi8]4^ z<?>mii±. tmmmfommwt 
tzii^m^^mmim^fz te&mm^cotemmz 
m^fzmm^m^'j^-^mm.-t^. 
[0019] ±ib^ji^@^^^ 

[0020] 

[ wmmtmmm ] - w^hjou 1 wnss^t ^ s 
wmmmm&vmiSL it m 1 ^ i. xm 2 1 ^ . m 1 

O ( A ) (i±MgP«^#:cOMIMH. < B ) (4 ( A ) ct)± 

2 cd c a ) (4H 1 ( a ) {za^hA-Am^mm 

( B ) \±m 1 CD ( A ) ttittS B - BSB^cDWH 
[ 0 0 2 1 ] HI IZH\^X 1 , 2(S-en-? f fLJ^t?t:*e 

Wi'JJPXt J: -g>f^«#;x b y 77t* y , -^jSISJJi, -fe 
±TcDW#c« 1 , 2 cDPJJtf^mfrX b 'J -y 7° 3 *1E«^- 

&c\tiz£^xmi mcomwmm, m 2 acopm^n 
$m xrs^ ^m^m&%^mm % mm, t x ^ s . 

[0022] f»KX b 'J 'yTScDftSfe^Vtl^^cD 

4"ffi(±m 1 acDf^«#$i^, m 2 ncomwmma =t v 
iacii «cois«#M^*tBv . ±tco»* 

OLSMO l^E-bcD#— ^-b'^feffi•r§^^-f^^°-N 
RD^ K (0(fiHNRDJ:^t. ) &ffi&L~C\>i& . 

m2M<r>mnmmm-ftxn, ±T<?mimi, 2zm 
fafzmj^fr-kttfam^mmmmo t^^x-Azt 
Ltzt^xm2 nniffiffimstfr iztsrt&m 
imnmmzzmmkx b u v73^itH«¥* 
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[0 0 2 3] fUS&S^tgP (I+TRhSt. ) tit ± 

T«wf«K i , 2 ^^b^fi^'h i «opm#*m 

^ £i?P^ § & JKi^-f t $ -fr T ^ S . <r offst (; i 

[0024] m3 am 2 ^mumm^^mmmMm 
m^mm.z^-tmxh t m 

im i . 2 ^raM«r H iPg^ s& i ««^hs«sub^ jf ^ 
p H iPB^m 2 «^it#«^w B ii§ ( (jsr o ) 1 1" 

mm £3&f t £ -grT ^ 6 . d « J: 3 Srliii t is v i> ± 

ras^^vj^ s v ^ to . Ri«vb $ < w i ti . ^ 

^5if)«fiE5&ia4-ia7S:#BaLTlftBH-rs. H4^ 
( A ) (43^SPW^M^IH. ( B ) (4 ( A ) £*>{t 

1, 2 (4*»f«SL 3ttlilfrXby77T*l. t Zcom 

nfax v u -y r 3 (4^sfi^ ^557^4 ^(4^*i 

j£ 9 , f*^^#ttMT'(i:ibPm*e r = 2 . 
[0 0 2 6] HStt^lMffMHT'feO. (A) (iHl 

iwiiftMS^t^MH, ( b ) temmm-z 
mmm , < c ) urn 2 mmmmmm^xmmm 

Xhh„ fSmxb'J >yT3CDS$(4 2 . 2mm. S(4 

mma x mmmm^-trnza^x h -mxfo 

(4 0. 5mm. ItfOTt^TV)}!^ (4 0 . 65ramt 
$> 9 m 2 a^m#3t8S-Cc^iaS § (4 1 ■ ImmtL 

[0 0 2 7] lit, ±T^zf 1 . 2 O^flsfficOO 

t. zumi mnwmms&rm&j > b°-r> 

z 2f4S?2 8opmfJ»ff ffi>f yt-^'yxti, 
*Sfi£«!P<mf1 i i^ > t°-^"yx^\r (z l ■ z 
2 ) fc =SrS i a £#ttH^ISIg£®b;ft.f£ 2 Stasia 
<?M V b°-^'>Xfi^r^ t £ d i; & . <! OMT'f 4 

0 . 9 ramtfcl. „ £ fcHS&±0^£ A g t Lfz h 

% . mmmmntm^it a g /4 4^(±^o«fifg 

d^JTIiG OGHzftS»0> L = 

1 . 8 SmmTfcS. 

[0028] H7 uttmmmz x zmmimsmm/s 
<n 3 ^jtmmmmz x & mm\i ^uv^„ ;® 

i: -5 LT 6 OGHzfT- 3 0 d B t O^ffiMIffttt 
[ 0 0 2 9 ] IS4 WSISfifl?ffit2fiR*|5S^«c*a8&^ 



[0030] H8ti±SP^)##;«^K0^^^««JT-^ 

mjiht* & . d ^jt-(4 , m i nnffimimsmftT 
<7)±.T<mim&wmi-fete&*>. m2M?mwm% 
&tmtmmx*n±T<7>mmcom£&imo t lt 

H6. *f L . t ti V i T b U >y 7° 3 

comximzmif. * com-Tcommz %m 1 a^i^m 

[003 1 ] H9«±IB!^m#:*l^^mgl«*a5«KH 
HIT'S) 0 . ( A ) 1 80l^m#c*mgP^«BfffiH. 

( b ) mm^mmcommm. ( c ) (iH2«^«#: 
mfcvmmfflrcfo h . llfc h u v r 3 (4 2 . 

2 mm , HtS 1 . 8mmti6^Il W7MWftffi$t. 

m 2 m^mmmma x mm^.mm^^mza 

t> -5gT"fc LSI ffl«!^m#:IS^^^#fr«(c|i(t 
/dfOii^ (40. 5 m mtfc h . IS^jt^TW^f 

0 . 16mmt:LTV^S.Sl2 a«!im«lS^T"«a^ 
§(41. lmmiLTUS. 

[0032] d iT'\ SlfftX h V vTfr^^COMlTCr) 

mmzm 1 0 t,z7Ft. z 1 (4s§ 1 a^fs«#cfm«f#ft 

>f yb-^"yx. z 2 (4ll2«o!^f«m^tl4^ y 

V"(zi-Z2) t^rs J; ate. itftxby-y/i^ 
■?■ tofi^o^ffi^ t'opeHph^ jgfeix(4 2 ncommmco 

0.16 m mT"£> ^> . i Jtty&±<?)ifcft£ AgfcLtt 

^M^fe-^^ ;^Jt1±6 0GHzft2,l L = 

1 . 83mm£ LTV 

[0033] hi 1 i±±mcowmzx&mmkmmm 

« i 3 C LT 6 0 GH z^T- 30dBtl^ 

[0034] ijc^m 5 commmm^zm^mms^co 
mf&M*mi2^mi4£m&Lxmmt&. hi 2(4 
±ai«»#cfe^ix 0 m ^zvmxc?mmm. H3i±f 

0±ffiHT"S)l» 0 3 1, 3 2, 3 3, 3 4 T"^r§P^(4 

tmfax h y 7 7TS) 0 . d^jT(4 "x" *m\z-fo 

LT v \& . mtkM 1 (c(4!im*x b >J -y 7 3 1 - 3 

4 § s T a zmzmmLx^z. ±m^m^m. 

[0035] zemmzx 773 2*^ 

3 4 t/wtT . m 1 ««o^**aK^*affi^^3P^s 2 

(;*«HS«ii* ; tT^#L^ „ mmizmnfkx b u 773 1 & 
^33 tc^ftT t , m 1 8«pm#;im^ff^^^ 
^2«^tim«m^*i^^^ 1 menwmkim 
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[0036] ±iBi^m#:x b y ■yrim2m^mm#m 
m^ttfoms^&fc^mxfoz, ttmm 

[0037] ±ia^ratt^§s^^^T. m im tm 
m^<o±j^cmim(omsitm3commmt Lxm 
x VMM h m 3 <r>mmwm<r>t%^ t israir £> h „ 

H 1 3 Lfc#gPe0^tffi(± 6 0 G H z ^fclSIf L fc*g 
[00 38] Hi 4(i, 3&7C*RB^i£fcr i S 
GHz^fcfcwr S3 lfcj;0 : 'S4 lif^-3dBfc 

[0 0 3 9] ^t3m6W||Jfi^i=«^^^ttS^« 
M£H 15-119 St#b§ LTiSHH-rs „ il5 \±±M 

(4H 13t*U^«t R«T"ft 6 i i 7 6 G 
H z #Tffl^ l> lf}fom?&$s-C$> h . Mli&l^'ft < =Sr 
•9t;ttf#l\ MftSRT R g^^)im« £ 1 . 3mm 

tu m2^m*sf&gp-^'\ W2$otijos^ 

[ 0 0 4 0 ] H 1 6 (i±!B?f fttt!S-^ff^&ft£ 3 

crmMWitcrmmmx-fo h„ < a ) i±m i aw§sifm 

S&gfrfroWTMH, ( B ) (ilil^SIS^lSffiH. ( c ) 

(in 2 8oi^mf**m^^WffiHT-fc h „ jii&s^^ 

< % -5 i h tcff v \ ^gpco^tiia 5t*L/;t« 

[ o o 4 i ] hi Yimmzmfkmmzn^ttmms 

OA7jfI^-£ N#3t*-N#4 ^^TJ^iet-^ t 
W£>5 . ^SPTR^hfiJti:-r^T^^^°-NRDX?' 

;K- h#4^-h#lfc ;K- h # 3 * m&ffl&tett L 
S[t^ra(C?f^m^ft^ft*^5mm (R5) ^ 

[0042] hi stiHi 5 iz^Ltzyfmm^^ . 

mm^km t LX 3 i)5c#RBg^t: X*)zs$.x.U-*sb 

y t^*sar & o . h i 9(iH i 7 tfc^riBitt*s-^ 



[0043] mzmi cr>mm&nw%& = 'j&v-^* 
§ „ H2 o (i±gpc?)#^&iR o m ^\mx^±m 

EL H2 lii±IS5 Ui&l^— ^y'i- ;l^c07"n>y ?H 

^osysv-ftyi-Mi as'JLt^ 
r^vu-^, Tfft-iss^i. -^-^jl^- 

Ht^-f-J; a tc3-3«!^#;x ?- >j b fc-TI. 

-9--^ i h fSSH-s .1 1 

JtT, ^- b # 1 ^ OAtJft^-^^- b#3tdf-b 

^JgtRFiK- h ff S $tl&T>"r-)-frt>?—¥'y 
htzfalfXTXimt LTMSixS. T^^T^tt 
?t ^ - y -y h j&> 6 CDMItm i;^" - ^f U - ^ * it L T 

HcD^-h #4^6^t^'LOfI^-i: LT A 

f 1, f2&fc^> 2gS^gg#^^J; D^t^fff 
P H «ttE ttf 1 f 2 ^Mli&iAfiSc^ I F m-f-^ 

m^ixh, zcniFm^m^-mm-hc\ki<z£V)?~ 
'/■yhtxcommmj. 

^ja.-jvcom^mz 2^j;y ; H2 022 

t±±gp^**fts&£BX i m^ ^^JTW±ffiH. I2 3(i 
±IE 5 y ^' a -}V<rr7x3 -vtmxfoh. 

7M yu—^(iHt^i; 3 t3 0(7)fi«ftcx h u 77 
b i: -rST-^f * 1 -3^- b 

**^co^fi-#S:iKsiglS^E< X 0 izlxv^ . yrrtj 

'HS^tlO^- b # 1 *^ ATjSnfdl^-ti*- b # 3 
t dt- h # 4 3&> t ^il mtilTJ § ixT T -y T a y ) s- ^ 
i: yny; s-^ iz A7J S . 777ayA'-^a 
MIHS^^LOl^t I 
h^S^^y^'L'A LO+IF OJl^mff^Sr *-T S 



(6) 000-134008 (P2000-134008A) 



M~cti& ^-i > nrd fj'-i y zmm.v^~ Fizm&tz 

y^~9\^yy~9 T'M $ tifz L O ff i; R X ff 
fc^S^^U RX-LOiMfifOl Ffl-i-^f# 
5 o ±IET 73 WN'-^^^it 1 F fi^)JliSIS^ 

. fi^pi £ i o ? - >-* >y i- a T-^iifE & ^ a «, 

[004 5] H2 4(±±I2S U^lx-^^i— 
i-y'n ■ytWX-foh, H2 4ti^T. RFHK(i±fE 

susk-^yi-zwcfflgL, i FUHf&tasy&u 
^ad ^ >-a-^^§ „ m^-mwmmz i Fifw 

-7' ^ * ^ -r - * Sr ft 4 Jt tt^^l L T . S'J 

ma x r/mnmrn & . ^mizjB txtztt immw 
[oo46]»;, hi o^i?»«=fii^mim 

ilM^fltfiScS: H 2 5 I2 5CB^T1, 2 tt± 

T^2»#:ffi. 3a, 3bte±Tfc#«ILfcl8mtisXHJ 
■v TXh l> „ i tz 4 tiv-f ? n.x h U >y 75 >f y 5 =5: if 

tmmmmt. m4 ^Lfzmm^ *> crmmwx v v 

[004 7] -74 ?V3XhV 775^f V 5J£DWGgfl^ 
olzLXUZ. r«o«J:ol:DWGt7^^nxhij77 

Xfy 7 77^/-5 ^'±a5«»#c« 2 L=3r V ^ =fc 

[0 0 4 8] i^z^Ltz^-mmmmxu, 

A-NRD^ F fcfi«fr^*^«fc f)*Sl«8^8i&£ 
fHfflfc^bJt**, LSMOlt-KtLSEOlt- 

KcoM^e— h'^satsfts y-v;i^N rd#>( f t mm 

[0 04 9]H2 6tfc^T, ( A ) (i^SBO^flsO 
iWIH. ( B ) a ( A ) KtSftS B - Bgp^KHH. 

( C ) iii ( A ) t;B(t^C-Cgp-5i-oRffiHT*-l> 0 H 
1 ^ L^UfcS^Ds Cl ^JT(4 7 - v/UN R D X?' 
A HSP* ( N NRD ) ^±Tt0»#:« 1 , 2 



[00 50] imsan^ ( tr > -cii. ±ro»#« 

1 , 2c?)M^M^rHll?B*V--7^NRD^W FgP^t 

[0051] a/s, HKsu^isiiTii mm 
v y v Tcommmftz aj^ax Lxmwm^mhx 

[0052]H27C0(A) mnnifc^ V U 7 7«il 
( B ) (i±g|5<7)#tt8t£JDl 0 '/•cMnnllffl 
Xfoh, 3 1, 32, 33, 34 X^ctfflHZimfcX 
b U ?7t"fel.*\ 112CSLfcMtS5^ DWG 

£ „ 1 2 o*i^r i: ^]«T"* ^ . 

[0 0 5 3] Z&tmiZj:*). DWGTOW^?^' 

(7-&f^#cX b U 77^Mk IZ&'JrnmMtftk tx 

[0054] 

[^cossa] ifsJ<ii i tfii-snB^t itia. n i 
timimA^m 2 ncomrnmmizfrwrx common 

mmms^^tih . L^hmmmjimz^^wm 

s. 

[0055] tt*ii2 t^s^t m 1 «cot^ 

[00 56] ifsRia 3 , 5 ^S^BHtinK. 2fiffir 
[00 57] il5Bia4 ^^l>«H^t itftX h 

[00 58] m$&%6 izimw^z itilL <yKt:fc 
(7 ^ - F ^m^ff a at^^NRD^/'O' 

[0059] mm7 i l z&&mii l z£ti&. mmkim 

HISS t ^ i; X. D W G £ i s ^ & |ft(7 ^> . N R 
D#-f Ft i l>f^«#cim@^^tfiffi«^T'^ 5 i 5 

[0060] If^JMS W^SUHflt iiW , NRD 
FT-AKAJ LfiODWGti D?7^ttS^#ff^^T'^ 
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[oo6i] m$im9izm&muz£tu£. mmu^ 

[0062] s & izmsem i o ^si,^Bj^i;n«\ ± 
f aw^iM^ y * -;tx t mimmti x v&mms& t it 

mi] micommmim&mmimmmmiffifs. 

i'JI -i 

[H2] mimtkm$%mmn&m?mmw 

[ 0 3 ] m 2 wnjaMi & t ? i'E-*fircSE»s^ffi»« 

iu j ) • - if. u mn i f s '-.ter, > la^ 

[0 5] ^m#«lE$lS«^«KHH 

[06 ] at«:H^ISt*ttS jgB&<?)#tt>f >-b-^'>X 

[07 ] FJf£OJliSifc^fcfctt^RI+#tt^^H 

[as ] mAammmfMz\^mumm^m^^t 

[09] RIl^m#:im^§ffW^OKH0 

[010] mnfox h v ■vT-m^emfamt.-cemmiz 

mnemMJ y^-ry^rmm^-tm 
[0in fm^mmmiz&tf&m.mm.itJK-tm 
[ 0 1 2 ] m 5 cvmmBMi : r & mmM-s^M^M 
-■■.7.i-*i w.i .1 

[013] ^^ttS^^±^»*«^KO^L^ 



W£V)±ffi0 
[014] H*fa1SS^^ld#tt£^0 

[015] me^mmmfMzmh^m^^^mmn 

[0i6] ^miss^£§«#sp«kh0 
[017] mMitzm^ttmmgit&nmf&z^m 

[018] ^S^Ix-^ay^^S^Sfttt^^H 

[019] mw~i:^ie#tt£^0 

[020] micommmmizmh = y^-^y a - 

;^«b£^^0 

[02 1 ] |S|S yWlV-?^J ^-}Vcr>7*X3 -y 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To configure a small-sized directional coupler 



incorporating the dielectric line converter that is entirely made small while 
keeping a broadband characteristic and to obtain the dielectric line device using 
the dielectric line converter, the high frequency circuit module using the 
directional coupler or the dielectric line device and the transmitter-receiver. 
SOLUTION: A groove is formed to opposed faces of upper and lower conductor 
plates 1, 2, a dielectric strip 3 is placed in the groove, and an interval between 
conductor faces of a line conversion section TR is made narrower than an 
interval between conductor faces of a dielectric line HNRD of a 1st kind to match 
the impedance of the part TR with that of a dielectric loading waveguide DWG of 
a 2nd kind. Furthermore, the length L of the line conversion section is selected to 
be an odd number multiple of Ag/4. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The dielectric wire way of the 1st sort which made the vertical side of a 
dielectric strip the conductor side, and established space in the side of this 
dielectric strip, It is a line converter with the dielectric wire way of the 2nd sort 
which makes a conductor side the vertical side and side face of a dielectric strip. 
Connect with the dielectric strip of the dielectric wire way of the 1st sort and the 
2nd sort, or it has the dielectric strip which follows the dielectric strip of the 
dielectric wire way of the 1st sort and the 2nd sort. The dielectric wire way 
converter characterized by having made spacing of the conductor side of the 
upper and lower sides in fields other than this dielectric strip narrower than 
spacing of the conductor side of the upper and lower sides in the track of the 1 st 
sort, and making spacing of said conductor side abbreviation 0 in the dielectric 
wire way part of the 2nd sort. 

[Claim 2] The dielectric wire way converter according to claim 1 characterized by 
narrowing said spacing, so that it goes to said dielectric wire way of the 2nd sort 
from said dielectric wire way of the 1st sort. 

[Claim 3] While increasing the track length between said dielectric wire way of 
the 1st sort, and said dielectric wire way of the 2nd sort odd times of the 
abbreviation 1/4 for the wavelength on a track The dielectric wire way converter 
according to claim 1 which made spacing of the conductor side of the upper and 



lower sides in the track between said dielectric wire way of the 1st sort, and said 
dielectric wire way of the 2nd sort fixed spacing narrower than spacing of the 
conductor side of the upper and lower sides in said dielectric wire way of the 1 st 
sort. 

[Claim 4] The dielectric wire way of the 1st sort which made the vertical side of a 
dielectric strip the conductor side, and established space in the side of this 
dielectric strip, It is a line converter with the dielectric wire way of the 2nd sort 
which makes a conductor side the vertical side and side face of a dielectric strip. 
Connect with the dielectric strip of the dielectric wire way of the 1st sort and the 
2nd sort, or it has the dielectric strip which follows the dielectric strip of the 
dielectric wire way of the 1st sort and the 2nd sort. The dielectric wire way 
converter characterized by making spacing to the conductor side of the side of 
this dielectric strip to this dielectric strip into fixed spacing narrower than spacing 
to the conductor side of the side of a dielectric strip to this dielectric strip of the 
dielectric wire way of the 1st sort. 

[Claim 5] The dielectric wire way converter according to claim 4 which made the 
track length between said dielectric wire way of the 1st sort, and said dielectric 
wire way of the 2nd sort one fourth of odd times of the wavelength on a track. 
[Claim 6] spacing of the conductor side of said dielectric wire way of the 1 st sort - 
- this - the inside of claims 1 -6 which made it narrower than the height of the 
dielectric strip of the dielectric wire way of the 1st sort, made cut-off frequency in 
the LSM01 mode lower than the cut-off frequency in the LSE01 mode, and made 
the dielectric wire way of the 1 st sort the dielectric wire way which spreads the 
single mode in the LSM01 mode - a dielectric wire way converter given in either. 
[Claim 7] Dielectric wire way equipment which equips either with the dielectric 
wire way converter of a publication, and grows into it among claims 1-6. 
[Claim 8] The directional coupler which equips either with the dielectric wire way 
converter of a publication, and grows into it among claims 1-6. 
[Claim 9] The high frequency circuit module which used dielectric wire way 
equipment or a directional coupler according to claim 8 according to claim 7 for 



the propagation section of a sending signal or an input signal. 
[Claim 10] The transmitter-receiver which is equipped with a high frequency 
circuit module and a sending circuit according to claim 9, and a receiving circuit, 
and changes. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the transducer, the directional 
coupler using it, the dielectric wire way equipment, high frequency circuit module, 
and transmitter-receiver of the dielectric wire ways from which a class differs. 
[0002] 

[Description of the Prior Art] In the circuit using a dielectric wire way, when using 
the track where the classes of waveguide etc. differed by the I/O part and part, 
the line converter of a waveguide and a dielectric wire way is needed. For 
example, what performs track conversion with the nonradioactive dielectric wire 
way (henceforth a NRD guide) which allots a dielectric strip and changes 
between conductor sides parallel to the track (it is called Following DWG.) which 



loaded the dielectric into the waveguide (restoration) is shown in JP,8-70209,A. It 
is made for this line converter to extend gradually from DWG, applying [ the width 
of face of a dielectric strip, and / of a crosswise wall surface (conductor side) ] 
them to a NRD guide. 
[0003] 

[Problem(s) to be Solved by the Invention] Although it had the description that the 
line converter of Above DWG and a NRD guide covers a broadband, and little 
track conversion loss is, since the track length of a track transducer became long, 
there was a problem of enlarging to the whole. 

[0004] For example, the directional coupler of the parallel 2 track mold which 
carried out parallel arrangement of the two dielectric strips between the 
conductor sides of two upper and lower sides as one of the circuits using a 
dielectric wire way is used. Although a NRD guide can be used as a dielectric 
wire way, the frequency bandwidth at which characteristic values, such as a 
power partition ratio, maintain a predetermined value is narrow. If the directional 
coupler of a waveguide form is constituted using DWG, a broadband property will 
be acquired, but in order to consider I/O for example, as a NRD guide, the line 
converter of the above-mentioned DWG-NRD guide is needed with the 
directional coupler by DWG. Consequently, it enlarges to the whole. 
[0005] The purpose of this invention is to provide the whole with the dielectric 
wire way converter aiming at a miniaturization, maintaining the good track 
transfer characteristic. 

[0006] Moreover, other purposes of this invention are to have a broadband 
property and offer the directional coupler by the small dielectric wire way. 
[0007] The purpose of further others of this invention is to offer the high 
frequency circuit module and transmitter-receiver using the dielectric wire way 
equipment or the directional coupler which used the above-mentioned dielectric 
wire way transducer. 
[0008] 

[Means for Solving the Problem] The dielectric wire way of the 1st sort which this 



invention made the vertical side of a dielectric strip the conductor side, and 
established space in the side of this dielectric strip, It is a line converter with the 
dielectric wire way of the 2nd sort which makes a conductor side the vertical side 
and side face of a dielectric strip. Connect with the dielectric strip of the dielectric 
wire way of the 1st sort and the 2nd sort, or it has the dielectric strip which 
follows the dielectric strip of the dielectric wire way of the 1st sort and the 2nd 
sort. Spacing of the conductor side of the upper and lower sides in fields other 
than this dielectric strip is made narrower than spacing of the conductor side of 
the upper and lower sides in the track of the 1st sort, and spacing of said 
conductor side is made abbreviation 0 in the dielectric wire way part of the 2nd 
sort. 

[0009] Since there is no element which track conversion is made, without a 
reflection property deteriorating, and spreads crosswise [ of a track ] since 
spacing of the conductor side of the upper and lower sides whose dielectric strip 
is pinched is missing from the dielectric wire way (dielectric loading waveguide) 
of the 2nd sort and does not change with these structures from the dielectric wire 
way of the 1st sort rapidly, a crosswise miniaturization becomes easy. 
[0010] In the above-mentioned structure, if spacing of the conductor side in fields 
other than a dielectric strip is narrowed, it will be stopped by the reflectors in 
discontinuity, so that it goes to the dielectric wire way of the 2nd sort from the 
dielectric wire way of the 1st sort. 

[001 1] Moreover, two reflected waves from which spacing of the conductor side 
of the upper and lower sides one fourth of whose odd times, then dielectric strips 
of the wavelength on a track are pinched changes pile up the track length 
between the dielectric wire way of the 1st sort, and the dielectric wire way of the 
2nd sort by the opposite phase, and a reflected wave is negated as a result. 
Therefore, a reflection property is improved. 

[001 2] Moreover, the dielectric wire way of the 1 st sort which this invention made 
the vertical side of a dielectric strip the conductor side, and established space in 
the side of this dielectric strip, It is a line converter with the dielectric wire way of 



the 2nd sort which makes a conductor side the vertical side and side face of a 
dielectric strip. Connect with the dielectric strip of the dielectric wire way of the 
1st sort and the 2nd sort, or it has the dielectric strip which follows the dielectric 
strip of the dielectric wire way of the 1st sort and the 2nd sort. Let spacing from 
this dielectric strip to the conductor side of the side be fixed spacing narrower 
than spacing from the dielectric strip of the dielectric wire way of the 1st sort to 
the conductor side of the side. 

[001 3] Since spacing of the conductor side of the upper and lower sides whose 
dielectric strip is pinched is missing from the dielectric wire way (dielectric loading 
waveguide) of the 2nd sort from the dielectric wire way of the 1st sort and is 
changing with these structures in the shape of a step, the die-length direction 
dimension of a line converter is short, and ends. Therefore, a line converter short 
in the die-length direction is obtained. 

[0014] In the above-mentioned structure, two reflected waves from which spacing 
of the conductor side of the upper and lower sides one fourth of whose odd times, 
then dielectric strips of the wavelength on a track are pinched changes pile up 
the track length between the dielectric wire way of the 1st sort, and the dielectric 
wire way of the 2nd sort by the opposite phase, and a reflected wave is negated 
as a result. Therefore, a reflection property is improved. 
[001 5] Spacing of the conductor side of the dielectric wire way of the 1 st above- 
mentioned sort can be made narrower than the height of the dielectric strip of the 
dielectric wire way of the 1st sort, and the dielectric wire way circuit equipped 
with the dielectric wire way (henceforth a "hyper-NRD guide") which spreads the 
single mode in LSM mode then the dielectric wire way which the loss 
accompanying the mode transformation in a bend hardly produces, and the 
dielectric loading waveguide can be easily constituted now. 
[0016] Moreover, this invention constitutes dielectric wire way equipment 
equipped with the above-mentioned dielectric wire way converter. For example, 
the above-mentioned dielectric wire way converter is prepared in the dielectric 
wire way of the 2nd sort, and the dielectric wire way equipment using the 



dielectric wire way of the 2nd sort which could be made to carry out direct 
continuation of the dielectric wire way of the 1st sort is constituted. 
[0017] Moreover, this invention constitutes the directional coupler equipped with 
the above-mentioned dielectric wire way converter. For example, two dielectric 
wire ways of the 2nd sort are made to join or unify, and a directional coupler is 
constituted. The directional coupler which can input in a NRD guide and has a 
broadband property by this is obtained. 

[0018] Moreover, this invention constitutes the high frequency circuit module 
which used the above-mentioned dielectric wire way equipment or a directional 
coupler for the propagation section of a sending signal or an input signal. 
[0019] Furthermore, this invention constitutes a transmitter-receiver by the 
above-mentioned high frequency circuit module, the sending circuit, and the 
receiving circuit. 
[0020] 

[Embodiment of the Invention] The configuration of the dielectric wire way 
converter concerning the 1st operation gestalt of this invention is shown in 
drawing 1 and drawing 2 . (A) of drawing 1 ~ the perspective view of the whole 
principal part, and (B) -- the conductor of the upper part of (A) -- it is a 
perspective view in the condition of having removed the plate. Moreover, the 
sectional view of an A-A part [ in / in (A) of drawing 2 / (A) of drawing 1 ] and (B) 
are the sectional views of the B-B part in (A) of drawing 1 . 
[0021] the conductor which 1 and 2 form an electrode layer in the front face of 
the fabricated insulator plate, respectively, and changes in drawing 1 -- the 
conductor which processes a plate or a metal plate and changes - it is a plate. 3 
is a dielectric strip by injection molding or cutting, and consists of synthetic resin, 
a ceramic, or its composite, it is shown in drawing -- as -- an up-and-down 
conductor - the dielectric wire way of the 1st sort, the dielectric wire way of the 
2nd sort, and the track transducer in the meantime are constituted by arranging 
the dielectric strip 3 among plates 1 and 2. 

[0022] The height of the dielectric strip 3 and a crosswise dimension are fixed 



also in any of the dielectric wire way of the 1st sort, the dielectric wire way of the 
2nd sort, and a track transducer, it is shown in drawing 2 -- as -- the dielectric 
wire way part of the 1st sort ~ setting ~ an up-and-down conductor - the spacing 
h of the opposed face (conductor side) of a plate is formed in a predetermined 
dimension narrower than the height dimension H of the dielectric strip 3. The 
hyper-NRD guide (it expresses the inside HNRD of drawing.) which spreads the 
single mode in the LSM01 mode by this is constituted, the dielectric wire way part 
of the 2nd sort -- an up-and-down conductor -- he is trying to set to about 0 
spacing of the condition, i.e., an opposed face, which piled up plates 1 and 2 
therefore, the conductor in the dielectric wire way part of the 2nd sort - the 
channel depth of a plate is made into the one half of the height dimension H of 
the dielectric strip 3. Thereby, the dielectric wire way of the 2nd sort is used as 
the dielectric loading waveguide (it expresses the inside DWG of drawing.). 
[0023] a track transducer (it expresses the inside TR of drawing.) - an up-and- 
down conductor - sequential change of the channel depth is carried out so that 
spacing of the opposed face of plates 1 and 2 may be missing from the dielectric 
wire way part of the 2nd sort from the dielectric wire way part of the 1st sort and 
may become taper-like. The I/O part of a track transducer and midcourse 
reflection are reduced according to this structure, and the reflection property as a 
line converter is kept good. 

[0024] Drawing 3 is drawing showing the configuration of the dielectric wire way 
converter concerning the 2nd operation gestalt. the conductor of the upper and 
lower sides [ in / at the example which is shown in drawing 3 unlike the case of 
the 1st operation gestalt / a track transducer ] - spacing of the opposed face of 
plates 1 and 2 is gradually changed from spacing of the dielectric wire way part 
of the 1st sort to spacing (about 0) of the dielectric wire way part of the 2nd sort, 
such structure - also setting -- an up-and-down conductor - since the spacing 
difference in the part from which spacing of the opposed face of plates 1 and 2 
changes gradually is small, reflection is suppressed small and can keep the 
whole reflection property good. 



[0025] Next, the configuration of the dielectric wire way converter concerning the 
3rd operation gestalt is explained with reference to drawing 4 - drawing 7 . the 
conductor of the upper part [ in / (A) of drawing 4 , and / in (B) / (A) ] -- it is a 
perspective view in the condition of having removed the plate. [ the perspective 
view of the whole principal part ] 1 and 2 - a conductor - a plate and 3 are 
dielectric strips. This dielectric strip 3 consists of synthetic resin, a ceramic, or its 
composite, and uses PTFE of specific-inductive-capacity epsilonr=2.04 in the 
example of a property mentioned later. 

[0026] Drawing 5 is the sectional view of each part, and (A) is [ the sectional view 
in a track transducer and (C of the sectional view in the dielectric wire way part of 
the 1 st sort and (B)) ] the sectional views in the dielectric wire way part of the 2nd 
sort. The height of the dielectric strip 3 is 2.2mm, width of face is 1 .8mm, and it is 
fixed also in any of the dielectric wire way of the 1st sort, the dielectric wire way 
of the 2nd sort, and a track transducer, the conductor of the dielectric wire way 
part of the 1 st sort ~ the channel depth in 0.5mm and a track transducer of the 
depth of flute prepared in the plate is 0.65mm, and the channel depth in the 
dielectric wire way of the 2nd sort is set to 1.1mm. 

[0027] here ~ an up-and-down conductor - the relation of the characteristic 
impedance of the track over spacing of the conductor side of plates 1 and 2 is 
shown in drawing 6 . Z1 is the characteristic impedance of the dielectric wire way 
of the 1 st sort, and Z2 is the characteristic impedance of the dielectric wire way 
of the 2nd sort. If spacing of a conductor side is set that the characteristic 
impedance of a track transducer becomes root (Z1 , Z2), the impedance matching 
between two sorts of tracks can be taken. In this example, it is 0.9mm. Moreover, 
when wavelength on a track is set to lambdag, the track length L of a track 
transducer is carried out to one odd times the relation [ lambdag/4 or ] of those of 
this. In this example, it is a 60GHz band and is L= 1.85mm. 
[0028] Drawing 7 shows the reflection property by the three-dimension finite 
element method of the dielectric wire way converter by the above-mentioned 
configuration. Thus, the low reflection property of -30dB is obtained with a 60GHz 



band. 

[0029] Next, the configuration of the dielectric wire way converter concerning the 
4th operation gestalt is explained with reference to drawing 8 - drawing 1 1 . 
[0030] drawing 8 -- a upside conductor - it is a perspective view in the condition 
of having removed the plate, the conductor of the upper and lower sides [ in this 
example ] by the dielectric wire way part of the 1st sort - spacing of a plate -- 
fixed -- maintaining -- the conductor of the upper and lower sides by the dielectric 
wire way of the 2nd sort, and the track transducer - spacing of a plate is set to 
about 0. however, a conductor [ in / in a track transducer, a slot is extended to 
the side of the dielectric strip 3, and / for the channel depth in the part / the 
dielectric wire way of the 1 st sort ] - it is supposed that it is the same as that of 
the channel depth of a plate. 

[0031] Drawing 9 is the sectional view of each part of the above-mentioned 
dielectric wire way converter, and (A) is [ the sectional view of a track transducer 
and (C of the sectional view of the dielectric wire way part of the 1st sort and 
(B)) ] the sectional views of the dielectric wire way of the 2nd sort. The height of 
the dielectric strip 3 is 2.2mm, width of face is 1.8mm, and it is fixed also in any 
of the dielectric wire way of the 1st sort, the dielectric wire way of the 2nd sort, 
and a track transducer, the conductor of the dielectric wire way part of the 1 st 
sort ~ the depth of flute prepared in the plate is 0.5mm. Although the channel 
depth in a track transducer is also 0.5mm, spacing to the conductor side of the 
side is set to 0. 1 6mm. The channel depth in the dielectric wire way of the 2nd 
sort is set to 1.1mm. 

[0032] Here, the relation of the characteristic impedance of the track over 
spacing from a dielectric strip to the conductor side of the side is shown to 
drawing 1 0 . Z1 is the characteristic impedance of the dielectric wire way of the 
1 st sort, and Z2 is the characteristic impedance of the dielectric wire way of the 
2nd sort. If spacing from a dielectric strip to the conductor side of the side is 
defined so that the characteristic impedance of a track transducer may become 
root (Z1, Z2), the impedance matching between two sorts of tracks can be taken. 



In this example, it is 0.16mm. Moreover, when wavelength on a track is set to 
lambdag, the track length L of a track transducer is carried out to one odd times 
the relation [ lambdag/4 or] of those of this. In this example, it is a 60GHz band 
and may be L= 1.83mm. 

[0033] Drawing 1 1 shows the reflection property by the three-dimension finite 
element method of the dielectric wire way converter by the above-mentioned 
configuration. Thus, the low reflection property of -30dB is obtained with a 60GHz 
band. 

[0034] Next, the example of a configuration of the directional coupler concerning 
the 5th operation gestalt is explained with reference to drawing 12 - drawing 14 . 
drawing 12 -- a upside conductor ~ the perspective view in the condition of 
having removed the plate, and drawing 13 are the plan. The part shown by 31, 
32, 33, and 34 is a dielectric strip, and is really fabricated in this example to the 
"**" typeface, a conductor - the dielectric strips 31-34 form the slot containing Mr. 
fixed Fukashi in a plate 1 . a upside conductor - the same is said of a plate. 
[0035] this structure - the dielectric strips 32-34 - applying - dielectric wire way 
-> track transducer [ of the 1st sort ] -> - dielectric wire way -> track transducer 
[ of the 2nd sort ] -> -- track conversion is performed in order of the dielectric wire 
way of the 1st sort, even if it applies to the dielectric strips 31-33 similarly - 
dielectric wire way -> track transducer [ of the 1st sort ] -> - dielectric wire way -> 
track transducer [ of the 2nd sort ] -> -- track conversion is performed in order of 
the dielectric wire way of the 1 st sort. 

[0036] The above-mentioned dielectric strip is unified in a part of part which 
constitutes the dielectric wire way of the 2nd sort. Thereby, the dielectric wire 
way part of the 2nd sort is made to act as a directional coupler by DWG. A 
broadband property is acquired by the directional coupler by DWG like the 
directional coupler which used the cavernous waveguide being a broadband. And 
since it can use as a hyper-NRD guide, four ports can be extremely miniaturized 
in the whole, when forming a directional coupler all over the dielectric wire way 
circuit using a hyper-NRD guide. 



[0037] the above-mentioned directional coupler - setting - the conductor of the 
upper and lower sides of the dielectric wire way parts of the 1 st sort and the 2nd 
sort - spacing of a plate, and the conductor of the upper and lower sides of a 
track transducer -- spacing of a plate is the same as that of the example shown in 
drawing 5 as 3rd operation gestalt. Moreover, the dimension and the quality of 
the material of a dielectric strip are also the same as that of the case of the 3rd 
operation gestalt. The dimension of each part shown in drawing 13 is a value at 
the time of designing on a 60GHz band, and a unit is mm. 
[0038] Drawing 14 is drawing showing the distribution property by the three- 
dimension finite element method. Thus, S31 and S41 property is set to -3dB in 
the 60GHz band which is a design frequency band, an equipartition property is 
acquired, and, moreover, the property is maintained over a broadband. 
[0039] Next, the example of the directional coupler concerning the 6th operation 
gestalt is explained with reference to drawing 15 - drawing 19 . drawing 15 -- a 
upside conductor ~ it is a plan in the condition of having removed the plate. 
Although it is the same as that of what was fundamentally shown in drawing 1 3 , 
it is the directional coupler used with a 76GHz band here. In connection with the 
frequency band having become high, the track length of a transducer TR part is 
set to 1 .3mm, and it is made smaller than the case where the dimension of the 
part which performs association between parallel 2 tracks in the 2nd dielectric 
wire way part is shown in drawing 13 . 

[0040] Drawing 16 is the sectional view of three kinds of track parts in the above- 
mentioned directional coupler. (A) is [ the sectional view of a track transducer 
and (C of the sectional view of the dielectric wire way part of the 1st sort and 
(B)) ] the sectional views of the dielectric wire way part of the 2nd sort. In 
connection with the frequency band having become high, the dimension of each 
part is smaller than what was shown in drawing 5 . 

[0041] Drawing 17 is drawing showing the configuration of the directional coupler 
which actually performed characterization, and is the plan of only a dielectric strip 
part. This directional coupler matches port #3 with the input signal from port #1 



for port #4 by power. Since all the outsides of Transducer TR are hyper-NRD 
guides, even if they constitute the bend which has the curvature of arbitration, the 
loss accompanying mode transformation hardly produces them. In order to pull 
out port #4 perpendicularly to the straight line which connects port #3 to port #1 , 
the bend with a radius of curvature of 5mm (R5) consists of this example. 
[0042] Drawing 18 is the result of carrying out simulation of the directional 
coupler shown in drawing 15 with the three-dimension finite element method as a 
non-lost system, and drawing 19 is as a result of [ of the directional coupler 
shown in drawing 17 ] an observation. Thus, a power partition ratio can be mostly 
made regularity over a large frequency band. 

[0043] Next, the example of a configuration of the millimeter wave radar module 
concerning the 7th operation gestalt is explained based on drawing 20 and 
drawing 21 . drawing 20 -- a upside conductor ~ the plan in the condition of 
having removed the plate, and drawing 21 are the block diagrams of the above- 
mentioned millimeter wave radar module. This millimeter wave radar module is 
divided roughly, and consists of each unit of an oscillator, an isolator, a 
directional coupler, a circulator, and a mixer. An oscillator generates a millimeter 
wave signal with Gunn diode. The isolator is constituted by connecting a 
termination machine to one port of the circulator which makes three dielectric 
strips a port as shown in drawing. That is, he makes the millimeter wave signal 
from an oscillator spread to a directional coupler side, and is trying to lead the 
reflective signal from a directional coupler to a termination machine. A directional 
coupler has the same structure as what was shown in drawing 12 , is equipped 
with four ports by the hyper-NRD guide, is a predetermined power partition ratio 
and distributes the input signal from port #1 to port #3 and port #4. The signal 
from port #3 is emitted as a TX signal towards a target from the antenna 
connected to RF port through a circulator. The reflective signal from the target 
which won popularity with the antenna is inputted into a mixer as an RX signal 
through a circulator. On the other hand, the signal from port #4 of a directional 
coupler is inputted into a mixer as an LO signal, and a mixer mixes RX signal and 



LO signal. When the signal of an oscillator takes the binary frequencies f1 and f2 
for example, on a time amount target, an IF signal with the frequency component 
of f1-f2 according to the time difference produced according to the path 
difference of two paths is obtained. Ranging to a target is performed by carrying 
out signal processing of this IF signal. 

[0044] Next, the configuration of the millimeter wave radar module concerning 
the 8th operation gestalt is shown in drawing 22 and drawing 23 . drawing 22 -- a 
upside conductor -- the plan in the condition of having removed the plate, and 
drawing 23 are the block diagrams of the above-mentioned millimeter wave radar 
module. This millimeter wave radar module is divided roughly, and consists of 
each unit of an oscillator, an isolator, a directional coupler, a circulator, an up 
converter, and a down converter. An oscillator generates a millimeter wave signal 
with Gunn diode. As shown in drawing, constitute the isolator by connecting a 
termination machine to one port of the circulator which makes three dielectric 
strips a port, and it makes the millimeter wave signal from an oscillator spread to 
a directional coupler side, and he is trying to lead the reflective signal from a 
directional coupler to a termination machine. The signal inputted from port #1 of a 
directional coupler is outputted from port #3 and port #4, respectively, and is 
inputted into an up converter and a down converter. An up converter mixes LO 
signal from a directional coupler, and the IF signal from IF circuit, and outputs the 
signal which has the signalling frequency of LO+IF to a circulator. This signal is 
emitted to the exterior as a TX signal through a circulator. In this example, a 
hyper-NRD guide will be outputted to a waveguide through WG converter 
changed into waveguide mode. The signal reflected from the target is inputted 
into a down converter as an RX signal through a circulator. A down converter 
mixes LO signal and RX signal which were oscillated by the oscillator, and 
obtains an IF signal with an RX-LO component. From frequency change of the IF 
signal given to the above-mentioned up converter, and the frequency component 
of the IF signal obtained with the down converter, signal processing performs 
ranging to a target. 



[0045] Drawing 24 is the block diagram showing the configuration of the whole 
transmitter-receiver concerning the 9th operation gestalt which used the above- 
mentioned millimeter wave radar module. In drawing 24 , RF circuit is equivalent 
to the above-mentioned millimeter wave radar module, and IF circuit consists of 
the filter circuit and AD converter of an IF signal which were obtained with the 
millimeter wave radar module, a digital disposal circuit -- the digital data of an IF 
signal -- signal processing ~ or data processing is carried out, it asks for ranging 
and relative velocity from the antenna of a millimeter wave radar module to a 
target, and the circuit of the exteriors, such as an engine control unit of a mobile, 
is controlled if needed. 

[0046] Next, the configuration of the dielectric wire way equipment concerning 
the 10th operation gestalt is shown in drawing 25 . drawing 25 -- setting -- 1 and 
2 - an up-and-down conductor -- a plate, and 3a and 3b are the dielectric strips 
divided up and down, moreover, the substrate with which 4 formed the microstrip 
line 5 etc. - it is -- an up-and-down conductor - dielectric wire way equipment is 
constituted by putting among plates 1 and 2. This dielectric wire way equipment 
is equivalent to what divided the thing of the structure shown in drawing 4 up and 
down in the center section of the dielectric strip, and put the substrate between 
them. 

[0047] The microstrip line 5 is made to perform track conversion with DWG and a 
microstrip line by inserting in the sense which intersects perpendicularly with a 
DWG part on the track. Thus, by performing track conversion with DWG and a 
microstrip line, generating of an unnecessary wave decreases compared with the 
case where track conversion with a NRD guide and a microstrip line is performed 
directly, in addition, the microstrip line 5 - a upside conductor - the part which 
counters a microstrip line 5 so that a plate 2 may not be touched directly - a 
conductor - the crevice is formed in a plate 2. 

[0048] In addition, although each operation gestalt shown above showed the 
example which performs the line converter of a hyper-NRD guide and a dielectric 
loading waveguide, the invention in this application is applicable similarly about 



the case where track conversion with the Normal NRD guide and dielectric 
loading waveguide which are spread by both the modes in the LSM01 mode and 
the LSE01 mode is performed. The example is shown in drawing 26 . 
[0049] In drawing 26 , the sectional view of a B-B part [ in / (A) and / in (B) / (A) ] 
and (C) are the sectional views of the C-C part in (A). [ the perspective view of 
the whole principal part ] the structure shown in drawing 1 - differing -- the 
conductor of the upper and lower sides of the Normal NRD guide part (NNRD) in 
this example -- the slot is not established in plates 1 and 2. 
[0050] the conductor of the upper and lower sides in a track transducer (TR) -- 
sequential change of the channel depth is carried out so that spacing of the 
opposed face of plates 1 and 2 may be missing from a DWG part from the 
Normal NRD guide part and may become taper-like. 

[0051] moreover - each operation gestalt shown above -- the conductor side of a 
dielectric wire way -- a conductor -- although constituted on the surface of the 
plate, metallizing of the predetermined part of a dielectric strip may be carried out, 
and a conductor side may be formed. About the case of a directional coupler, the 
example is shown in drawing 27 . 

[0052] (A) of drawing 27 -- the perspective view of a dielectric strip, and (B) - a 
upside conductor - it is a perspective view in the condition of having removed 
the plate. Unlike the example shown in drawing 12 , the electrode layer is formed 
in the dielectric strip part which constitutes DWG although the part shown by 31, 
32, 33, and 34 is a dielectric strip. Other structures are the same as that of the 
case of drawing 12 . 

[0053] a dielectric strip [ in / since the electrode which carried out metallizing of 
the DWG part acts as a conductor side according to this structure / a DWG part ], 
and a conductor - even if some gaps are generated to a plate, the always 
stabilized property is acquired. 
[0054] 

[Effect of the Invention] Since the discontinuity of the track applied to the 
dielectric wire way of the 2nd sort from the dielectric wire way of the 1 st sort 



becomes small according to invention concerning claim 1, track conversion is 
made without a reflection property deteriorating. And since there is no element 
which spreads crosswise [ of a track ], a small dielectric wire way converter is 
obtained crosswise. 

[0055] According to invention concerning claim 2, it is stopped by the reflectors in 
the discontinuity of the track applied to the dielectric wire way of the 2nd sort 
from the dielectric wire way of the 1st sort. 

[0056] According to invention concerning claims 3 and 5, the reflected wave in 
two discontinuity piles up by the opposite phase, and a reflected wave is negated 
as a result. Therefore, a reflection property is improved. 

[0057] Since according to invention concerning claim 4 spacing of the conductor 
side of the upper and lower sides whose dielectric strip is pinched is missing from 
the dielectric wire way of the 2nd sort from the dielectric wire way of the 1 st sort 
and is changing in the shape of a step, the die-length direction dimension of a 
line converter is short, and ends. Therefore, a line converter short in the die- 
length direction is obtained. 

[0058] According to invention concerning claim 6, the dielectric wire way circuit 
equipped with the hardly produced NRD guide and DWG of the loss 
accompanying the mode transformation in a bend can be easily constituted now. 
[0059] According to invention concerning claim 7, when preparing the component 
by DWG in a dielectric wire way circuit, it comes to be able to carry out direct 
continuation all over the dielectric wire way circuit by the NRD guide, and the 
whole miniaturization can be attained. 

[0060] Since it outputs and inputs in a NRD guide and DWG can constitute a 
directional coupler according to invention concerning claim 8, a miniaturization 
can be attained with broadband property-ization. 

[0061] According to invention concerning claim 9, the high frequency circuit 
module which used said directional coupler or dielectric wire way equipment for 
the propagation section of a sending signal or an input signal and which is small 
and has a broadband property can be constituted easily. 



[0062] According to invention which furthermore relates to claim 10, it is small 
and the transmitter-receiver equipped with the above-mentioned high frequency 
circuit module, the sending circuit, and the receiving circuit which has a 
broadband property can be constituted. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective view showing the configuration of the dielectric wire 
way converter concerning the 1st operation gestalt 

[Drawing 2] The sectional view of each part of this dielectric wire way converter 
[Drawing 3] The perspective view showing the configuration of the dielectric wire 
way converter concerning the 2nd operation gestalt 

[Drawing 4] The perspective view showing the configuration of the dielectric wire 
way converter concerning the 3rd operation gestalt 

[Drawing 5] The sectional view of each part of this dielectric wire way converter 
[Drawing 6] Drawing showing the relation of the characteristic impedance of the 
track over conductor-side spacing 

[Drawing 7] Drawing showing the reflection property in a predetermined 



frequency band 

[Drawing 8] The perspective view showing the configuration of the line converter 
concerning the 4th operation gestalt 

[Drawing 9] The sectional view of each part of this dielectric wire way converter 
[Drawing 10] Drawing showing the relation of the characteristic impedance of the 
track over the distance to the conductor side of the dielectric strip side 
[Drawing 11] Drawing showing the reflection property in a predetermined 
frequency band 

[Drawing 12] The perspective view showing the example of a configuration of the 
directional coupler concerning the 5th operation gestalt 

[Drawing 1 3] the conductor of the upper part of this directional coupler -- the plan 
in the condition of having removed the plate 

[Drawing 14] Drawing showing the distribution property of this directional coupler 
[Drawing 15] Drawing showing the example of a configuration of the directional 
coupler concerning the 6th operation gestalt 

[Drawing 16] The sectional view of each part of this directional coupler 
[Drawing 17] Drawing showing the configuration of the directional coupler used 
for the observation 

[Drawing 18] Drawing showing the distribution property by simulation 
[Drawing 19] Drawing showing the distribution property by observation 
[Drawing 20] Drawing showing the configuration of the millimeter wave radar 
module concerning the 7th operation gestalt 

[Drawing 21] The block diagram of this millimeter wave radar module 
[Drawing 22] Drawing showing the configuration of the millimeter wave radar 
module concerning the 8th operation gestalt 

[Drawing 23] The block diagram of this millimeter wave radar module 
[Drawing 24] The block diagram of the transmitter-receiver concerning the 9th 
operation gestalt 

[Drawing 25] The decomposition perspective view showing the example of a 
configuration of the dielectric wire way equipment concerning the 10th operation 



gestalt 

[Drawing 26] The perspective view and sectional view showing the configuration 

of the dielectric wire way converter concerning the 1 1th operation gestalt 

[Drawing 27] The perspective view showing the configuration of the directional 

coupler concerning the 12th operation gestalt 

[Description of Notations] 

1 and 2- a conductor -- a plate 

3- dielectric strip 

4- substrate 

5- microstrip line 

31 - 34-dielectric strip 
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